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(54) 1-<5-IS0QUIN0UNESULF0NYL)H0IUI0PIPERAZiNE HYDROCHLORIDE HYDRATES 

(57) Disclosed is a 1 -{5-rsoqiiinolinesuHonyl)honfiopipera»ne hydrodilonde hydrate having a water content of fronn 
2.5 to 15.5 % by weight represented by the following formula (D: 




(I) 



wherein n means a number in the range of from 1/2 to 3. 

Since the H^tsoquinolinesulfonyl)honiopiperazine hydrochloride hydrate of the present Invention has excellent 
^ shapaabillty as compared'to a 1 -(SisoqulnolinesulfonyQhomopiperazlna hydrochloride anhydride, a tablet having satis- 
<^ factory hardness can be obtained even with a relatively low compression pressure In a taUeting process. Further, due 
fs. to a reduction in the compression pressure needed for tabletlng. various advantages are brought about, such as 
improved disintegratabiiity of the resuftant tablet v4ien the taWet is orally taken, so that good dissolution of 1 -(5-isoqui' 
nolinesulfonyl)homoplperazlne hydrochloride from the tablet can be achieved, as well as suppression of abrasion of a 
O die and a punch in producing tablets by oorrYxesston. and the like. 
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Description 

Reid of the Invention 

The present invention relates to a novel hydrate of 1 -(5-isoquinoIinesu»bnyOhonnopiperazine hydrochloride. More 
particuiariy. the present Invention is ooncerned with a H5-l5oquinolinesutfonyl)homoplperazine hydrochloride hydrate 
having a water content of from 2.5 to 1 5.5 % by weight as measured by the Karl Fisher method, represented by the fol* 
lowing formula (I): 



wherein n means a number in the range of from 1/2 to 3. 
Since the 1-(5-isoquinoiinesulfonyI}homQpiperazine hydrochloride hydrate of the present bivention has excellent 
shapeabinty as compared to a HS-lsoqulnollnesullbnyQhomopiperazinB hydrocHorlde anhydride, a tablet having satls- 
feclory hardness can be obtained even with a relatively low compression presajre in a taUeting process. Further, due 
to a reduction In the compresson pressure needed tor taUeting, various advantages are brought about, such as 
improved disintegratabiKty of the resultant tablet when the tebl^ Is oraQy taken, so that good dissolution of 1 -(S-isoqui- 
noSnesulfonyl)honK^iperazine hydrochloride from the tablet can be achieved, as well as suppression of abrasion of a 
die and a punch in producing tablets by compression, and tiie like 



1-(5-lsoquinoiinesu)lonyl}homop{perazine is an isoquinofinesullonamlde compound developed by Asahi Kasei 
Kogyo Kabushiki Kaisha (Asahi Chemical Industries, Ltd.). Japan, and various production methods thereof are known 
[with respect to the synthesis methods, see Unexamined Japanese Patent Appfication LaidOpen Specification Na 61 - 
227581 (corresponding to US. Patent ^k>. 4.678.783 and Exaniined European Patent Publication No. 0.187.371)}. i-(5- 
I6oqulnoline5ulfonyl)homop^erazin6 hydrochloride [hydrochloric acid salt of the above-mentioned 1-(5-isoc|uinolinesul- 
fenyl) homopiperazine] (hereinafter, frequently referred to simply as 'Hasudil hydrochloride') is a highly water-soluble 
anhydrous crystal having a melting point of 217-223 ""C. 

1-(5-lsoquinolinesulfonyl)homopiperazine hydrochloride has excellent vasodHative activity and is clinically used for 
treating cerebral vaso^:)asm (which is likely to occur after the operation of a patient suffering from subarachnoid hem- 
on"hage), cerebral ischemic symptoms accompanying the cerebral vasospasm, and the like, wh^iein the above-men- 
tioned 1 H^-lsoqutnolinesulfiDnyQhomopiperEzine hydrochloride is used In the form of an oral preparation or a parenteral 
preparation which is available under tradename 'Eril tr^." (registered trademark for the product produced and sokJ by. 
Asahi Kasel Kogyo KabushDd Kaisha. Japan). Usually, Era Inj. is diluted with an appropriate amount of an aqueous solu- 
tion of an electrolyte or sugar and then, administered by intravenous drip in an amount of 30 mg in terms of the amount 
of 1-(5-isoquinoi1nesulfonyl)homopperazine hydrochtoride for one administraiion (for aduft) over 30 minutes, wherein 
the administration is conducted twice or thrice a day. It is preferred that the administration of Eril Inj. is started in the 
early stage of the postoperative treatment of sufc>arachnoid hemorrhage and conducted thr>ce a day for two weeks. 

Conventionally, as a crystal of l-(5-isoquinolineaiffony1)homopipera2ine hydrochloride (fasuda hydrochloride), only 
an anhycfcrous crystal has heretofore been reported, which has a water content of 1 % by weight (the "% by weighT is 
hereinafter, frequently referred to simply as or less as measured by the Kari Fisher method (ad of the water con* 
tents of the crystals mentioned in the present specification are measured by the same method). 

The infrared absorption (IB) spectrum of the anhydrous crystal of fasudil hydrochloride as measured by the Nujol 
mull method using an infrared spectrometer (all of the infrared absorption spectra mentioned in the present specifica- 
tion are measured in the same method) Is shown In Rg. 1 of the accompanying drawings. The anhydrous crystal exhib- 
ItB. in the IR spectrum thereof, characteristic peaks, i.e.. a peak at approximately 1618 cm*^ due to the skeletal 
stretcNng vtbratfon of an isoquinoline skeleton, (v aromatic): a peak at approximately 1588 cm'^ due to the skeletal 
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stretching vibration of an isoquinoline skeleton, (v aromatic] : a peak at approximately 1 338 cm'^ due to the antisynimet- 
ric stretchfrig vibraticn of a sulfonamide ^aup (v antisymmetric SOg): and a peak at approximately 1 1 60 cm'^ due to 
the symmetric stretching vibration o( sulfonamide group (v symmetric SO2 ). By pouwder X-ray diftr a ct on ietry using a 
pouvder X-ray diffractometer O^odel SG-7, manufactured and sold by Rigaku Corporation. Japan; Target Cu. Kv-mA: 

5 30-1 0. Fitter: Nl) (alt of the measurements by powder X-ray dlffractomstry mentkmed in the present specification are 
conducted using tfie same diffractometer), the antydrous crystal of fasudil hydrocNoride e)diibHs a diffraction pattern, 
in which diffraction angles (2 e) are observed at approximately 14.7. 16.6, 17.5. 20.5. 24.6 and 26.5 (the range of enror 
is ± 0.2). and especially at approximately 17.5 and approximately 24.6. characteristic diffraction angles are observed. 
Further, as shown in Fig. 2 of the acconpanying drawings, in the thermal analysis (u^'ng a thermal analyser. Model 

JO TA8-200 manufactured and soW by Rigaku Corporation, Japan) (all of ^e thermal analyses mentioned in flie present 
speotication are conducted using the same analyseO. the anhydrous crystal of 1'(5-i5oquinotinesuHonyt}homopip6ra- 
zine hydiochlorkie exhibits only an endothermic peak at 222.5 ^'C wh'^ is characteristic of the anhydrous crystal. 

Since 1-(5-tsoquinoIinesulfonyi)homo(^peiBzlne hydrochloride has a pecufiar taste (bitter taste), it is necessary ibr 
a tablet containing 1-(5 isoquinoline8Uf6ny9homopiperazlne hydrochloride to be film-ooated. The tablet to be fSm* 

IS coated Is required to have a satisfactory hafdness. Accordingly, with reepect to a tatjiet containing 1 -(S-isoquinoiinesul- 
fonyl)homopiperazine hydrochlorida when the anhydrous crystal obtained by the pnor art is used, a high compression 
pressure is required lor obtatrvng a tak3let having a satisfactory hardness. Howe/er, the higher the compression pres- 
sure, the less the dissolution of 1-(5H5oquinolinesuK6ny()homopiperazine hydrochloride from the tatslet when the tablet 
is orally taken. 

zo Therefore, when a pharmaceufical preparation (tablet) having a high content of 1 -(5-isoqiinol]ne8ulfbnyl)homopi* 
perazine hydrochloride is produced using the anhydrous crystal thereof, for ptodudng a tablet which has a suffk:ient 
hardness to b& fim-coated and is excellent in cfissolution of 1-(5-isoquino!inesulfbnyl)honfvpiperazine hydrochloride 
from the tablet large amounts of exdpient and disintegrant are required. As a result, the size of the tablet inevitably 
becomes large. 

25 Further, tfte anhydrous crystal of 1 -(5-l8oquinotinesulfony1}homopqperazlne hydrochloride has a problem in that the 
water content thereof Is unstable. 

SUMMARY OF THE INVENTION 

30 In this situation, the present inventors have made extensive and intensive studies for solving the above-memiooed 
problems of 1 -(5-isoquinorinesutfbny1}homop^3erazine hydrochk)rlde. As a result, it has been unexpectedly found that 
there is a novel type crystal of 1*(5-isoqulnotInesuHonyI)homopiperazine hydrochloride, as a crystal o^er than the 
above-mentioned anhydrous crystal, I.e.. a i-CS-isoquinolinesulfonyl) homopiperazlne hydrochkxkle hydrate (hereinaf* 
ter, frequently r^erred to simply as a "fasudil hydrochloride hydrate") which has excellent shiapeabflity and tablett^ility. 

3s The present invention has been completed, based on these findings. 

Accordingly, it is an object of the present Invention to provkto a novel HS-teoqi^nolinesulfonyl) homopiperazlne 
hydrochloride hydrate having excellent shapeabitrty and stabirity. 

The foregoing and other objects, features and advantages of the prasem irivention will be apparent from the follow- 
ing detailed description and appended claims taken in connection with the acco m p a nying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
in the drawings: 

45 rig. 1 is a chart showing the infrared absorption (IR) spectrum of the fasudil hydrocNorMe anhydride obtained in 
Reference Example 1. 

Fig. 2 is a chart showing the results of the thenmal analysis of the fasudil l^rochlorlde anhydride obtained in Ref • 
erence Example 1. 

Rg. 3 is a chart showing the IR spectrum off the fasucfil hydrochtoride trihydrate obtained in Exarrple 1. 
so Fig. 4 is a chart showing the results of the thermal analysis of the fasudil hydrochiorkje trSiydrate obtained in Exam- 
ple 1. 

Rg. 5 is a chart showing the IR spectrum of the fasudil hydrochloride hemihydrate drtainod in Example 3. 

Rg. 6 is a chart showing the results of the thermal analysis of the fasudil hydrochlonde hemihydrate obtained in 

Example 3. 

65 Rg. 7 is a chart showing the changes of the water contents of fasudil hydrochk)ride hemihydrate olrtalned in Exam- 
ple 3 and fasudil hydrochloride trihydrate ot)talned In Example 1 with time when the hydrates are left under condi- 
tions of a temperature of 40 "^C and a relative humidity (RH) of 75 %. 
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DETAILED DESCRIPTION OF THE INVENTION 

In one aspect of the present invention, there is provided a 1 '(S-^soquinolinesutfonyOhomopperazlne hydrochloride 
hydrate having a water content of from 2.5 to 1 5.5 % by weight represented by the fbliotMng fbrmuta (I): 

f 



•nH20 (I) 




ts 



wherein n means a number in the range of from 1/2 to 3. 
It has been found that, when 1-(5'isoquinoSnesulfony1)homopiperazine hydrochloride hydrate is trihydrate (fasudil 
20 hydrochloride trihydrate). the water content is from approximately 14.0 to approximately 1 5.5 % by weight (the theoret- 
ical value calculated from the content of water of crystalfization Is U. 2 % by weight). 

The infrared absorption (IR) spectrum of the trihydrate. obtained using an infrared spectrometer, is shown in Fig. 3. 
The frihydrate exhibits, in the IR specfrum thereof, characteristic pealcs. i.e., a pealc at approxlmataiy 1630 cm'^ due to 
the skeletal sfretching vibration of an isoqutnofine skaletoa (v aromatic): a peak at ap;7oximatety 1598 cm'^ due to the 
2S Skeletal stretcNng vibration of an isoquinollne skeleton, (v aroniatic); and a peak at approximate^ 1 1 50 cm'^ due to the 
symmefric sfretching vlbratbn of a sulfonamide group (v symmefrk: SOg ), and the diffraction angles (2 6) of the frihy- 
drate as measured by powder X-ray cfiffractometry are observed at approxamately 14.2, 16.3, 16.9, 23.1, 25.7and 36.8, 
and especially, characteristic diffraction armies are observed at approximately 23. 1 and approximately 36,8. 

Further, as shown in Rg. 4. in the Ihennai analysis, 1-(5-isoqLanoline6uffonyl)homcpiperazine h^irochloride friiy- 
90 drate exhibits endothermic peaks which are characteristic of the frihydrate. 

The present inventors have made further studies, and found that, when fasudi! hydrochloride trihydrate is left under 
conditions of a tenperature of 40 *C and a relative humidity (RH) of 75 %, the water content of fasudH hydrochtorlde 
frihydrate deaeases with time from approximately 1 4,1 % to at last approximately 2.8 % - 3.0 %. 

Therefore, fasudfl hydrochlorWe trihydrate is required to be stored at a relative humicity <rf 90 % or mora ft is prac- 
ss tically difficult to maintain the storage atmosphere at such a high humidity. 

In this situation, the present inventors have made still further extensive and intensive studies with a view toward 
developing stiH another crystal of fasudil hydrochloride hydrate having more excellent stability during production and 
storage thereof. As a resuH, a novel crystal of 1-(5-isoqu]noiinesuKbnyt)homopiperazine hydrochloride, as a crystal 
other than trihydrate (fasudil hydrochlorida trihydrate), having satisfactory shapeaWlity and stability, has been found. 
40 This novel crystal is 1-(5-isoquinolinesulfonyl)homopiperarine hydrochloride hentihydrate (fasudil hydrocWorWe hemi- 
hydrate) and it is so stable that the water content thereof does not change under oondltkKis of a temperature of 40 *C 
and an RH 01 75 % for 96 hours. More specifically, fasudil hydrochloride hemihydrate has a water content of from 
approximately 2.5 to approximately 3.1 % t>y weight (the theoretical value calculated from the content of water of crys- 
tallization is 2.67 % by weight), 

♦5 The IR spectrum of the hemihydrate, obtained using an infrared spectrometer, is shown in Fig. 5. The hemihydrate 
exhibits, in the IR spectrum thereof, characteristic peaks, i.e.. a peak at approximately 1620 cm'i due to the skeletal 
sfretching vibration of an isoquinoline skeleton, (v aromatic); a peak at approximately 1592 cm'^ due to the skeletal 
sfretching vibration of an isoqunotine skeleton, [v aromatic); and a peak at appKsdmateiy 1 140 cm*'' due to the sym- 
mefric sfrefrrfilng vflxation of a sulfonamWe grotp (v symmefrk: SOg ), and the diffraction angles (2 e) of the hemtiy- 

60 drateasmeasuredby powder X-ray diffractometry are observed at approximately 8.4, 12.4, 14.0, 16,2, 16.8, 18.2, 19.5, 
22.4 and 25.6, and especially, characteristic cSffraction angles are obsen^ed at approximately 14.0 and approximately 
18.2. 

Further, as shown in Rg. 6, in the thermal analysis, the fasudil hydrochloride hemihydrate exhibits endothernrBc 
peaks which are characteristic of the hemihydrate. 
65 With respect to prefenred examples of the hydrates of the present inventton. there can be mentioned 1-(5-isoqun- 
ofinesulfonyi)homqplpera2lne hydrochloride hemihydrate (fasudil hydrochloride hemihydrate) having a water content of 
from approximately 2.5 to approximately 3. 1 % weight. whk:h conesponds to a con^pound of tormula (Q wherein n ts 
1/2. and l-(5-isoquinofinesuHonyl)homopiperazine hydrochloride trffiydrate (fasudil hydrochloride frihydrate) having a 
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water content of from a^^roximat^y 1 4 0 to approximately 1 5.5 % by weight, which corresponds to a compound of br* 
mula (0 wherein n is 3. Of these two types ot hydrates, 1-(5-isoqulno}inesu1fonyl)honioplperazine hydrochloride heml- 
hydrate (fasixfil hydrochloride hennihydrate) is more preferred. 

Further, preferred example of the above-mentioned fesucfii hydrochloride hemihydrate is a hemihydrale which 

5 exhibits. In the IR spectium thereof, characteristic peaks. a peak at approximately 1620 cm'^ due to the skeletal 
stretching vibration d an Isoqulnoline skeleton, (v aromatic); a peak al approximately 1592 cm'^ cfcie to the skeletal 
stretching vibration of an isoqi^nollne skeleton, (v aromatic); and a peak at approximately 1 140 cm'^ due to the sym- 
metric stretching vibration of a sulfonamide group (v symmetric SO2}, and which exhibits chanactefistic diffiBcbon 
angles (2 9), as measured by powder X-ray dHfractometry, at approximately 14.0 asvi approDdmately 18.2. 

10 With respect to the method tor obtaining the crystal of lH(5-isoquinoline$uifonyl)homopiperazine hydrochloride 
hydrate (tasudil hydrochloride hydrate) of the present invention, there is no particular limitation, but fa example, the toi- 
lowing method can be mentioned. A crude anhydrous crystal oi fasudil hydrochlorWe obtained by the synthesis method 
described in the above-mentioned prtor art reference is dissolved in water heated to a temperature of from 40 to 80 ""C 
to obtain an aqueous solution having a fasudil hydrochloride concentratton of from 40 to 50 %. The obtained solution is 

70 filtered with a membrane fitter to obtain a filtrate, and the obtained filtrate is cooled to a temperature of from 0 to 5 *<3 
and stirred at a temperature of from 0 to 5 ""C for two days to thereby deposit a crystal. The resultant crystal is dried at 
a temperature of from 20 to 25 ''C to thereby obtain fasudil hydrochhxkJe trihydrata Further, for exanrple, the resultant 
crystal of tasudil hydrochlorkfe trihydrate is dried at a tenperature of from 40 to 70 ""C for 2 to 100 hours to thereby 
obtain fasudil hydrochlorkfe hemihydrate. 

20 Further, a fasudil hydrocNoride hydrate represented by formula (1) wherein n is lager than 1/2 and less than 3 can 
also be easily prepared by adjusting the conditions for drying the crystal of fasucfil hydrochtoride tnhydrate. 

A fasudil hydrochloride hydrate obtained by the above-menttoned method can be administered In the same manner 
as in the administration of the conventional fasudil hydrochloride anhydride. 

The LO50 value of fasudil hydrochloride hemihydrate determined by the acute toxidty test (oral administration) was 

Z5 from 280 to 285 mg^ in mice (male) and from 345 to 360 mg/kg in rats (male). On the other hand, with respect to the 
pharmacological acttvHy of fasudil hydrochloride hemihydrate, increases in blood flow in femoral and vertebral arteries 
of dog were measured. As a result, with a dose of 0.3 mg/^g (intravenous injection), the blood flow Inaeased by 45 % 
in femoral artery and 198 % in vert^al artery, showing that fesudil hydrochloride hennihydrate has excellent pharma- 
cological activity. Further, it has also been found that the pharmacological activity of fasudil hydrochtoride trilvdrate is 

30 substantially the same as that of fasudil hydrochloride hemihydrate. 

BEST MODE FOR CARHYING OUT THE INVENTION 

The present invention will be described in greater detail with reference to the following Examples. Reference Exam- 
35 pie and Comparative Example, wNch shouk:! not be construed as limiting the scope of the present 'nventkm. 

Reference Example 1 

40 liters of a chtoroform solutk>n contsunlng 5.0 1^ of S-isoquinolinesulfonyl chloride was added drop-wise to 40 lit- 
40 ers of a chloroform solution containing &8 kg of homopiperazine over 1 hour while cooling with Ice. to obtain a mixture. 
Subsequently, the obtained mixture was stirred for 1 hour while cooling wHh ice, to ^ect a reaction and then the result- 
ant reactk)n nuture was subjected to extraction vf ith a 2 N aqueous solution of HCH, followed by separation of an aque- 
ous phase. The aqueous phase was adjusted to a pH value of 10 with a 10 % aqueous soiutbn of NaOH to hereby 
obtain a solution having a pH value of 1 0. The obtained solution was sutjected to extraction with 80 liters ot chloroform, 
45 followed by separation of a chloroform phase. The resultant chloroform phase was washed with water and then dried 
over anhydrous sodium sulfate, and sut)sequentiy, the solvent was renxved by distillation under reduced pressure to 
obtain a resic^a The obtained residue was subjected to colunm chromatography using 150 kg of silica gel (Wakogel 
C-200. manufacture and sold t}y Wako Pure Cherncal industries. Ltd.. Japan) and a mixed solvent of methanol and 
chtorolorm (5 vN % methanol) as a developing solvent, and purified to obtain 6.01 Kg of fasuda (yield 89 %). The results 
so of elemental analysis of fasudil: found (calculated) 

C: 57.59(57.71). H: 5.92 (S88). N: 14.29 (14,42), S: 10.83 (11.00) (wt%) 

2.0 kg of fasudil was suspended in 10 liters of methanol to thereby obtain a suspension, and to the okrtalned sus- 
55 pension was added 10 liters of water and 6.57 liters of a 1 N aqueous solution of HCI. followed by heating at 40 "C to 
dissolve tasudil to thereby ot>tain a solution. The obtained solution was evaporated to dryness under reduced pressure 
to thereby obtain a sold and then the obtained solid was recrystallized from 5 liters of a mixed solvent ot water and 
methanol having a water/methanol ratio of 2/1 (v//) to thereby obtain crystals and then the obtained crystals were dried 
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at 120 °C for 8 hours. As a result, 2.01 1^ of the anhydrous crystals of fasudtl hydrochtoride were obtained (yield: 89 %). 
TMe results of elementaJ analysts of fasudtl hydrochloride anhydride: fbund (calculated) 

C: 51.01 (51.29), H: 5.47 (5.53). N: 12.80 (12.82), S: 10.14 (9,78). Q: 10. 53 (10, 81) 

The water content of fasudit hydrochloride anhydride was 0.33 %, and the infrared (IR) spectrum off fasudtl hydro- 
chloride anh/dride is shovwi m Rg. 1. The diffraction angles (2 e) of the anhydrous crystal as measured l)y powder X- 
ray diffractometry were observed at approximately 14.7, 16.6. 17.5, 20.5. 24.6 and 25.5. Further, as shown in Fig. 2. 
the results of the thermal analysis of the anhydrous crystals were characteristic of the anhydrous crystal. 

10 

Example 1 

210 g of fasudii hydrochloride anhydride obtained in Reference Example 1 at>ove was dissolved in 525 ml of water 

heated to 50 ''C and then the resultant solufion was filtered with a n^embrane fitter (pore size: 0.8 fim) to thereby ot?taln 
15 a fStrate, and the obtained filtrate was cooled to 5 ""C and starred at 5 for 48 houre to thereby deposit crystals. The 

crystals were collected by filtrHtion under reduced pressure and dried at 25 ''C for 6 hours, thereby obtaining 190 g of 

fasudil hydrochloride trihydrate (yield: 78 %}. 

F^udil hydn>chloride trihydrate had a water content of firom 1 4.0 to 15.5 % as measured by the Karl Rsher method 

(theoretical value: 14.2 %], and the IR ^}ectrum of fasudi! hydrochloride triiydrale is shown in Pig. 3. The diffraction 
20 angles (2 6) of trihydrate as measured by powder X-ray diffractometry were observed at approximately 1 4.2, 16,3, 1 6.9, 

23. 1 , 25.7 and 36.8. Further, as shown in Fig. 4, the resutts of the thermal analysis of trit^ate were characteristic of 

trihydrate. 

Example 2 and Comparative Example 

25 

Comparison of the shapeabtlity of the fasudit hydrochloride trihydrate (trfliydrate) obtained by the method described 
In Example 1 and that of the fasudil hydrochloride anhydride (anfrydride) obtained by the method described in Refer- 
ence Example 1 was made as follows. 

The trihydrate and anhydride were individually fabricated into tablets under various compression pressure in Exam- 
so pie 2 and Comparative Example, respectively. That is. 200 mg of each of the trihydrate and anhydride was individually, 
accurately weighed and fabricated into a tablet, by means of a handpress having a dte and a punch having a concave 
of 1 2R at a punching surface thereof and a diameter of 8 mm, under a compression pressure of from 400 to 1 400 kg to 
thereto obtain a tablet. And then, each of the obtained tablets was individually eubjected to a hardness test by means 
of hardness tester TS-50M (manufactured and sold by Okada Seiko Co. Ltd.. Japan) to measure the hardness. The 
35 hardness of the tablet was defined as a toad (unit: kg) such that the tablet was broken when loaded by means of a 
motor-drived weighting apparatus. 

T)ie results are shown In Table 1 . 



Table 1 
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(Hardness of tablet: kg) 




Anhydrous crystal (Comparative Example) 


Trihydrate 


Compression 

pressure (kg) 


Test No. 1 


Test No. 2 


Average of Test 
No. 1 and Na 2 


Test No. 1 


Test No. 2 


Average Of Test No. 
land 1^2 


400 


0.6 


0.9 


0.8 


4.0 


d.8 


4.4 


600 


2.8 


3.5 


3.2 


8.7 


8.5 


8.6 


600 


5.8 


4.9 


5.4 


8.5 


84 


85 


1.000 


6.4 


6.6 


6.5 


8.3 


8.9 


8.6 


1.200 


6.9 


7.5 


72 


85 


ai 


6.3 


1.400 


8.6 


8.0 


8.3 


8.9 


8.4 


8.7 



55 

As is apparent from Table 1, with respect to the anhydrkde, the hardness of the tablet became high in accordance 
with tfie inaease of the compression pressure, However, for obtairdng a tablet having a hardness of 8 kg, the compres* 
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sion pressure wat required to be as high as 1.4O0 kg. On the other hand, the hardness of the tablet of trihydrate 
became high under a low compression pressure as compared to that of the anhydride, thus showing that the trihydrate 
has excellent shapeability. 

Therefore. H Is apparent that the toudil hydrochtoride trihydrate is a crystal which has excellent shapeebifity and 
s tablettability so that it is easy to be fabricated into tabl^. 

Further, since the fasudil hydrochloride trihydrate had excellent shapeability, the amounts of the excipient and dis- 
integtant can be reduced, so that the size of the tat)let can be reduced and the tablet becomes easy to be orally admin- 
istered, e^en with a pharmaceutical preparation (tablet] having a high content of fasudil hydrochtoride trihydrate. 
However, as mentioned below, fasudil hydrochloride trihydrate has a problem of the stability, i.e.. the change of 
10 water content thereof with time. 

^npleS 

190 g of the fesudi hydrocNoride trihydrate obtained by the method descn'bed in Example 1 was dried under con- 
IS ditlons of a temperature of 40 and an RH of 75 %for10 hours to thereby obtain 167 g of fasucfil hydrochtoride henrii- 
hydrate (yield: 100 %). The obtained fasudil hydrochlonde hemihydrate had a water content of from 2.5 to 3.1 % as 
m^sured by the Karl Fisher method (theoretical value: 2.67 %) and the IR spectrum of fasudil hydrochloride hemihy- 
drate is shown in Rg. 5. The diffraction angles (2 0) of hemihydrate as measured by powder X-ray €fiffractometry were 
observed at approximate 8.4, 12.4, 14.0, 16.2, 16.8, 18.2, ia5» 22.4 and 25.6. Further, as Shown in Ftg. 6, the results 
20 Of the thern^at analysis of hemihydrate were characteristic of henihydrate. 

5fflrolB4 

20 g of each of the lasudil hydrochloride hemihydrate and fasudil hydrochloride trihydrate of the present invention 
25 was individually placed in a Petri dish and then, the Petri dishes were placed in a constant temperature-constant humid- 
ity chamber (manufactured and sold by TABAI ESPEC (Corporation, Japan) maintained at 40 *C and 75 % (RH) and left 
open. And then, the water content of each of the hydrates was at predetermined time intervale measured by means of 
the Karl Fisher apparatus and the change of the water content of each of the hydrates v^ith time was recorded. Com- 
parison between the stability of trihydrate and that of hemJiydrate was made tfy measuring the change of the water con- 
30 tent of each of the hydrates under the above-mentioned conditions. 

The results are shown in l^ble 2 and Fig. 7, wherein shows the case of trihydrate and O'O &hows the case 
of hemihydrate. 



Table 2 





Water content (%) of fas- 
udil hydrochloride henra- 
hydrate 


Water oontent (%) of fas- 
udil hydrochloride trihy- 
drate 


Ohour 


3.01% 


14.11% 


1 hour 


2.94% 


9.13% 


2 hours 


2.83% 


2.99% 


4 hours 


3.05% 


3.00% 



As shown in TabSe 2, with respect to the lasudil hydrocNoride trihydrate. the water content decreased from 14.1 1 
to 2.99 %^ showing that the fasudil hydrochtoride trihydrate is not st^e. In contrast the water oontent of fasudil hydro- 
cNoride hemihydrate did not change, showing that fhe lasudil hydrochloride hemihydrate is stable. Further, the water 
so content of fasudil hydrochloride hemifiydrale cSd not change even after 96 hours under the above-mentioned conditions. 

£xacnDlfiL5 

The fasudil hydrochloride hen^hydrate (hemihydrate) obtained by the method described in Example 3 was fabri- 
55 cated into tablets under varbus conpression pressures. That is, 200 mg of hervhydrate is accurately weighed and fab- 
ricated Into a tablet, by m^ns of a handpress having a die and a punch having a concave of 12R at a punching surface 
thereof and a diameter of 8 nvn, under a compression pressure of from 400 to 1 400 Kg to thereby obtain a tablet And 
then, each of the obtained tablets was subjected to a hardness test by means of haidness tester TS-50N (manufactured 
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and 60)d by Okada Seiko Co. Ltd., Japan) to measure the hardness, and comparison between the fasudil hydrochloride 
hemlhydrate. fasucf I hydrochloride trihydrate and fasudil hydrochksride anhydride was made with respect to the shape- 
ability. 

The results are shown in Tal^e 3. 



Tabled 



(Harcfriess of tablet:! 





Anhydrous crystal (Conpara- 
tive Exanrpte] 


Trihydrate 


HennihydFate 


Com- 
pression 
force 


Test No 
1 


Test No. 
2 


Average 
of Test 
No.1 
andKkx 
2 


TestNa 1 


Test Na 2 


Average 
of Test 
Nal 
and No. 
2 


Test Nal 


Test No. 2 


Average 
of Ibst 
No.1 
and No. 
2 


400 


0.6 


0.9 


0.8 


4,0 


4.8 


4.4 


0.4 


a7 


0.6 


600 


2.8 


3.5 


3 2 


8.7 


8.5 


8.6 


4.5 


5.3 


4.9 


800 


5.8 


4.9 


5.4 


a5 


8.4 


8.5 


7.0 


7.4 


7.2 


1,000 


6.4 


6.6 


6.5 


8.3 


8.9 


8.6 


8.3 


7.9 


8.1 


1,200 


6.9 


7.5 


7.2 


8.5 


8.1 


8.3 


7.9 


8.7 


8.3 


1,400 


8.6 


8.0 


8.3 


8.9 


8.4 


8.7 


8.5 


8.3 


8.4 



ro 



15 



20 



25 



30 



3S 



40 



50 



ss 



As is apparent from Table 3. the hardness of the tablet of the hemihydrate became high >Mth a low corrpression 
pressure as compared to the anhydride, thus showing that the hemlhydrate has excellent shapeabHity. 

INDUSTRIAL APPLICABILITY 

According to the present Inventton, there g provided a novd hydrate of 1-(5-lsoquino]inesuIfdnyl) homopiperazine 
hydrochtorWe having excellent shape-ability. 

Since the 1-(5-isoquinolinesulfonyl}hornopfperazlne hydrochloride hydrate of the present invention has excellent 
shapeability as conpared to a l-[54soquinoOnesulfonyl)homopiperazine hycfrochloride anhydride, a tablet having satis- 
factory hardness can be obtained &/en wHh a relatively tow compres^on pressure in a tableting process. Further, due 
to a reduction in the compression pressure needed for tableting, various advantages are brought about, such as 
improved disintegratabinty of the resultant tablet when the tablet is orally taken, so that good (Sssolution of 1 -(5-isoqui- 
noRnesuKonyi)homopipeicuine hydrochk>ride from ihe tablet can be achieved, as well as suppression of abrasion of a 
die and a punch in producmg tablets by compression, and the Ete. 



45 I . A 1 -(S-isoquinolinesuHonyQhomopiperazine hydrochloride hydrate represented by the fbBowing formula (1): 



•nHaO 




(I) 



wherein n means a number in the range of from 1/S to 3, 
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said hydrate having a water content of from 2.5 to 1 5.5 % by weight as measured by fhe Karl Fisher method. 

The HS-isoqulnolinesulfonyOhomoplperazine hydrochloride hydrate according to claim 1, wherein n in formula (1} 
is 1/2. and the water content is from 2.5 to 3.1 % by weight as measured by the Karl Pisher method. 

The 1-(5-l5oquinollne5u!!bnyf)homopipGrazine hydrochtoride hydrate according to claim 1, wherein n in formula (I) 
is 3. and the water content is from 14.0 to 15.5 % by weight as measured by the Kari Fisher method. 
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